Introduction
The CMS Muon detector system consists of three types of detectors: Drift Tubes (DT) in the barrel region, Cathode Strip Chambers (CSC) in the endcap and Resistive Plate Chambers (RPC) in both regions up to |η| = 1.6. The system was designed to provide muon identification, excellent triggering, timing and momentum measurements at the LHC up to a luminosity of 1·10 34 cm −2 s −1 . The CMS RPC system is one of the largest ever built detector employing the RPC technology with a total coverage area of about 5000 m 2 . The CMS chamber has a double-gap design, consisting of two 2-mm-thick resistive (2÷5·10 10 Ωcm) High Pressurised Laminate (HPL) plates separated by a 2-mm-thick gas gaps. Readout strips are in between the two gas gaps. The RPCs are operated in avalanche mode with a 3-component, non-flammable, gas mixture that consists of 95.2% of C 2 H 2 F 4 , 4.5% of i-C 4 H 10 , and 0.3% of SF 6 with a relative humidity of 40%÷50% [1] . During the first five years of LHC data taking the performance of the muon systems has proved to be outstanding [2] . In the second phase of the LHC physics program, the accelerator will increase the luminosity up to 5·10 34 cm −2 s −1 , providing to CMS an additional integrated luminosity of about 3000 fb −1 over 10 years of operation, starting in 2025. To keep the same performance at HL-LHC conditions new muon stations will be installed in the forward region (1.6< |η| <2.4) and in the very forward region up to |η| = 2.8. The 3th and 4th stations will be equipped with a new generation of RPC with improved performance, capable of handling the challenging conditions expected.
New detector requirements at HL -LHC
To fulfill the HL-LHC requirements, the new chambers have to be certified for a stable performance up to an integrated luminosity of 3000 fb −1 , at a maximum rate about 2 kHz/cm 2 , including a safety factor of 3. A spatial resolution of ∼2-3 mm is needed to improve muon identification and momentum resolution, i.e. by a factor 4-6 compared to the present system. An high timing resolution ∼100 ps would be favourable for background and pileup rejection and to provide a discriminating signature for hypothetical heavy stable charged particles and allow for corresponding mass determination [3] . Since 2014, the RPC group is involved in an extensive R&D program to define the detector design and electronics that meet these requirements. To overcome the limited particle rate capabilities of the present RPC, all relevant detector improvement factors are being investigated. A new electrode material, the low resistive silicate glasses produced in China [4] , has been also considered and a lower resistivity range (∼10 10 cm) has been used since the rate capability is inversely proportional to the resistivity of the electrodes. The gas gap thickness has been reduced in order to reduce the average avalanche charge and a new generation Front-End Board electronics used in order to move part of the amplification to the electronics. A lower average charge is crucial to enhance the higher rate capability and certainly reduce the aging guaranteeing the longevity of the detector. New detector geometry has been considered with reduced electrode thickness (2 ÷ 1 mm) and number (multi-gap-like geometry).
Rate capability
A double gap trapezoidal prototype RPCs (∼1m 2 ), with a gas gap thicknesses of 1.6 mm, was built and tested at Korea University. In 2015, the prototype was tested at the CERN Gamma Irradiation Facility (GIF++) where an high energy muon beam (150 GeV) combined with a 14 TBq 137 Cs gamma source and a set of moveable filters allows to study the detector performance as a function of the gamma background. The efficiency for double-gap RPCs as a function of the applied HV for different gamma background conditions is shown in Fig. 1a . No significant degradation of chamber performance was observed up to 1÷1.5 kHz/cm 2 . More results can be found here [5] .
An RPC telescope with five single gaps (30 x 30 cm 2 ), four with Chinese low resistive glass and one with float glass, was built at IPNL (Lyon) and tested at the CERN SPS H4 line muon beam and at GIF++ in 2015. The signals were collected using a PCB electronics plate equipped with 1 x 1 cm 2 readout pads and readout by a 64-channel HARDROC ASICs [6] . In Fig. 1b , gap efficiency as a function of the gamma flux is showed in blue and in red for the low and float glasses, respectively. A 70% single-gap efficiency for low resistivity GRPC at a flux of 2 kHz/cm 2 (i.e. > 90% double-gap efficiency) was measured. 
Spatial and time resolution
A prototype 30 x 30 cm 2 with a gas gap of 1.2 mm separated by two 1mm Chinese glasses was built at IPNL (Lyon) and tested at the CERN PS in 2014. The signal was collected by two layers of 128 strips with a pitch is 2.5 mm and readout by the HARDROC ASICs. The two layer strips are shifted by 1 mm each other in the direction perpendicular to the strips one. This configuration is designed to increase the spatial resolution by looking at the coincidence of fired strips. Spatial resolution as a function of the rate was measured by looking at the coincidences of strips in both layers is showed in Fig. 2 a. The resolution improves from 1.5 down to 1 mm at 10 kHz/cm 2 , according to the reduction of strip multiplicity.
The dimension of the Chinese low resistive glasses is limited to 33 x 28 cm 2 by processing technology. To obtain a CMS size RPC, a mosaic design has been adopted with glass pieces joined tougher with a fishing line block [4] . A multi gap prototype (MRPC) with five gas gaps of 250 µm width, with a dimension of 25 x 67 cm 2 , was tested at the electron accelerator ELBE at HZDT in Germany. The flux of the primary beam is tuneable from few to 10 7 electrons/s. Efficiency, time 
Conclusions
A new generation of RPC using low resistivity electrodes (glass and HLP) has been extensively tested during the past years by the CMS RPC Group. It has been demonstrated that the iRPC can sustain the background foreseen rates at HL-LHC. Furthermore, the use of new detector design and electronics has allowed to achieve high spatial resolution (∼1÷1.5 mm) and excellent time resolution (∼60 ps). Further tests on full-size chambers equipped with final electronics will begin this year at GIF++ to study detector longevity for the whole HL-LHC operation period.
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